All chemicals and solvents were purchased from commercial sources and used without further purification, unless stated otherwise. 2,2'-Azobis(isobutyronitrile) (AIBN) (Riedel-de Haën) was recrystallized from methanol and dried under vacuum at ambient temperature. All solvents and monomers were dried and distilled before use. Distilled deionised water was obtained from a Millipore Milli-Q purification system. Reactions were monitored using thin layer chromatography Size exclusion chromatography (SEC) was measured on a system that comprised a Shimadzu LC-10AT isocratic pump, a Waters 717+ autosampler, a column system fitted with a PSS guard column (50×8 mm) in series with three PSS GRAM columns (300×8 mm, 10 µm, 2 × 3000 Å and 1 × 100 Å) kept at 40 °C, a Waters 2487 dual wavelength UV detector and a Waters 2414 differential refractive index (DRI) detector. Dimethylacetamide (DMAc) was used as the eluent, stabilized with 0.05 % BHT (w/v) and 0.03 % LiCl (w/v), at a flow rate of 1 mL.min -1 . The polymer samples were filtered through 0.45 µm GHP filters, to remove impurities, prior to analysis. Calibration was carried out using PMMA standard sets (Polymer Laboratories) ranging from 690 to 1.2 x 106 g.mol -1 .
Synthetic procedures
Synthesis of cyclic acetal functional RAFT agents Scheme S1. Synthesis of RAFT agent 1; (a) THF, r.t.; (b) NaN 3 , DMSO, 100 °C; (c) CuSO 4 .5H 2 O, sodium ascorbate, DMF, r.t
O-Ethyl S-(prop-2-yn-1-yl) carbonodithioate (1i):
This compound was prepared exactly as described in literature. 1 1 H NMR (300 MHz, CDCl 3 ) δ 4.69 (q, J = 7.1 Hz, 2H), 3.89 (d, J = 2.7 Hz, 2H), 2.25 (t, J = 2.7 Hz, 1H), 1.45 (t, J = 7.1 Hz, 3H).
2-(Azidomethyl)-1,3-dioxolane (1ii):
2-(Bromomethyl)-1,3-dioxolane (4.00 g, 24.0 mmol), sodium azide (8.00 g, 123.1 mmol) and DMSO (40 mL) were added to a 100 mL round bottom flask. The mixture was stirred at 100 °C for 4 h, after which it was cooled to room temperature. The solution was subsequently filtered and poured into 250 mL DDI water that had been cooled to 0 °C. The product was extracted into ethyl acetate (3 × 100 mL) and the organic layer was washed with brine (2 × 100 mL), DDI water (2 × 100 mL), dried over anhydrous MgSO 4 and concentrated yielding 1ii (2.54 g, 82 %) as a pale yellow liquid. 1 H NMR (300 MHz, CDCl 3 ) δ 5.08 (t, J = 3.5 Hz, 1H), 4.11 -3.85 (m, 4H), 3.32 (d, J = 3.5 Hz, 2H).
S-((1-((1,3-Dioxolan-2-yl)methyl)-1H-1,2,3-triazol-4-yl)methyl) O-ethyl carbonodithioate (1) :
A 50 mL round bottom flask was charged with 1i (4.50 g, 34.9 mmol), 1ii (5.00 g, 34.9 mmol), copper mmol) and DMF (10 mL) were introduced into a 50 mL round bottom flask and stirred overnight at room temperature. The mixture was poured into water and extracted into diethyl ether (4 × 50 mL).
The organic layer was washed with water (2 × 50 mL), brine (2 × 50 mL), dried over magnesium sulphate and the product was concentrated. The crude product was purified using column chromatography (pentane : diethyl ether = 3:7) achieving an off-white solid (5) showed that the starting material, 4, was unchanged.
3-(4-phenyl-1H-1,2,3-triazol-1-yl)propanal (5iii): 5 (0.38 g, 1.3 mmol), HCl (2 mL) and acetone (18 mL) were introduced into a 50 mL round bottom and stirred at room temperature for 4 hours. The mixture was poured into water and extracted into diethyl ether (4 × 50 mL). The organic layer was washed with water (2 × 50 mL), brine (2 × 50 mL), dried over magnesium sulphate and the product was concentrated, affording an off-white solid 5iii. 1 78 mmol) and acetone (13.9 mL) were introduced to a 50 mL round bottom flask and stirred for 4 hours at room temperature. HCl (13.9 mL, 4 M in dioxane) was added, to bring the overall HCl concentration to 1 M, and the reaction was stirred for an additional 4
hours at room temperature. The solution was purified via dialysis (2000 Da MWCO) against water/methanol (1:1) for 2 days and pure water for an additional day, after which it was freeze-dried to obtain the product as a white powder. End-group analysis was performed via 1 H NMR spectroscopy and molar mass and dispersity were determined via SEC.
Synthesis of PVP-peptide conjugate via reductive aminination (Scheme 4 main text): A sodium
borate buffer (pH = 9.1) was made by dissolving boric acid (6.18 g, 100 mmol) and NaOH (2.00 g, 50.0 mmol) in water, and made up to to 1 L, in a volumetric flask. (End-modified) PVP (100 mg, 37.0 nmol), Gly-DL-Ser (9.00 mg, 55.5 nmol), NaBH 3 CN (23.3 mg, 0.370 mmol) and sodium borate buffer (5 mL, pH 9.1) were introduced to a 10 mL pear-shaped flask. The reaction was stirred at room temperature overnight, followed by purification via dialysis (2000 Da MWCO) against water for 2 days, after which the solution was freeze-dried to obtain the product as a white powder. End-group analysis was performed via 1 H NMR spectroscopy.
Synthesis of phenyl acrylate: Phenol (3.00 g, 31.9 mmol), triethylamine (3.87 g, 38.3 mmol) and DCM (15 mL) were introduced into a 50 mL round bottom flask and the solution was cooled to 0 °C in an ice bath. Acryloyl chloride (3.46 g, 38.3 mmol) dissolved in DCM (5 mL) was added dropwise over 30 minutes after which the solution was allowed to warm to room temperature and stirred overnight. The solution was washed with water (10 mL × 2), brine (10 mL × 2), dried over magnesium sulphate and concentrated to afford 12 as a dark yellow oil (4.49 g, 95 % for 2 days, and water for an additional day. The solution was freeze dried and the α-and ω-end groups were analysed via 1 H NMR spectroscopy.
Acid catalysed hydrolysis of β-thiopropionate ester to release phenolate
The α-peptide, ω-phenyl-PVP conjugate was dissolved in a phosphate buffer (pH = 5.5) and the solution was spotted onto a TLC plate with a micropipette (3 µL), over time. A similar experiment was performed in a phosphate buffer (pH = 7.4) as a control. The kinetic samples were eluted against a phenolate reference sample, in methanol. Afterwards, the TLC plates were dried and immediately stained with iodine and scanned into the computer. It was found that UV light (254 nm) was not sufficient to excite the phenolate ion, present in a low concentration. The image was converted to grayscale and analysed via UN-SCAN-IT. The background noise was considered time zero and the normalised pixel count, converted to phenolate released, was obtained for the intensity of the phenolate ion (R f = 0.9) as a function of time. It was assumed that 100 % of the phenolate was released after 24 hours. Figure 8 summarises the digitisation of the results.
